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0 Pharmaceutical deliveiy device. 



0 Improved pharmaceutical delivery devices which can deliver hydrophlllc or polar pharmaceuticaily active 
materials, as wefl as optionally hydrophobic or noihpolar materials, have small particles wHh on average a 
diameter below 20 microns of a (Aug component comprising the hydrophlllc or polar pharmaceuticaily active 
material, dispersed in a sificohe matrix. TTiese devices are produced by using certain organopolyslloxane- 
polyoxyalfcylene copolymers. Prsferably ai emulsion of the drug component in a siDcone containing composition 
is made before curing the composition to an elaslomer. 
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PHARMACEUTICAL DiSUVgRV DSVICE 



This Invention relates to pharmaceutical defivery devices and also to a methcid for making such devices. 
Pharmaoeutica! delvery devices have been known for some time. They may be used as dressings, for 
example for transdermal deRvery of pharmaceuflcally active materials or for implantaUon or Insertion In a 
human or animal body, for example In cavities of the body or under the sl«ai. One of the nwsl acceptable 

5 materials usaJ for maWng such devices Is a silicone materlall and more particularly a sIBcone elastonwlc * 
material. These materials are usually emptoyed to make a matrix in which the phanmaceutfoally active 
materials are toaded. The suitabifity of sIRcone elasfiomeric materials for use in phamnaceutlcal delivery 
devfces Is due en part to the relatively high penneabirrty of such elastomers with respect to the 
pharmaceuiicaliy active components, when compared with other synthetic materials. It is also due to their 

10 excellent blocompatibirity. 

As silicone materials are hydrophobic in nature they are best suited for the delivery of non-polar or 
hydrophot^ pharmaceutfoaliy active materials. In order to make the delh/ery of polar or hydrophilic 
pharmaceutlcally active materials from silfoone based delivery devices possible, additives may be used or 
the natore of the silicone materials may be altered. For example In U.& Patont Specification 3 ^ 458 a 

f5 vifalar pemieable composHfon is provided which comprises a copolymer of a polysllo^e and r^S-vinyl 
pynDlidone. wherein said N-vinyl pynrolldone is In poly(N-vlnyl pyrroBdone) chains grafted to a crossQnked ^ 
polysiioxane elastomeric maSrix, said ccpo^er having limited but ^gnlficant pemneabnsty towanj water 
soluble drugs. This composition forms the container wherein a water soluble drug is enclosed. Such 
containers have a distinct disadvantage in that a possible rupture of the container may have disastrous 

20 consequences, for example when a high concentratfon of the dnig has toxic effects. 

A different system has been proposed in U.S. Patent Specification 4 053 580 which discloses a 
mtorosealed pharmaceutical delivery device comprising a sectioned length of flexible medical grade silicone 
tubing as a biok)glcally acceptable polymer container with as many perforatfons in the wall of the tubing 
when unsealed at each end as to expose up 40% of an inner blologlcaliy acceptable, silicone polymer 

26 matrix contained within the blologicaily acceptable polymer container, said bfologfoally acceptable polymer 
matrix having the formula 



•t-0-Si(CH3)2-]^-0-Si(R)-0»[Si(CH3)2-0-]j^- 
so 0 

[(CH3)2-Si-0-]j^- 



25 virherein R aikoxy having 1 to 7 cart)on atoms. aScyl having 1 to 10 cartson atoms, phenyl, vinyl or allyl 
wherein n is about 100 - 5000'and having 10 to 200 mteron mscrosealed compartments throughout, said 
microsesSed compartments containing pharmaceutical saturated 20-70 w/v% polyethylene giycol molecular 
weight 450-6000. 20-70 vAf% propylene glycol or 20-70% 1-34>utanediol In wator as hydrophiHc sohfent 
system. 

40 There Is a continuing seared fcH- improved phannaceuticd deSvery devices, for example devices which 
can deliver a tow level off a pharmaceutlcally acfive material over an extended period off ftne. An improved 
method for a more con^sterit and controllable manufacture of such delivery devcces is also sought 

A device capabBe of a more protonged deBvery tinte requfares a higher loadSng or concentration of a 
phanmaceutically active ms^fal. TTiere Is especially a need for such devices for the delh/ery of polar or 

45 hydrophinc pharmaceuticaily active materials. 

We have now found ttet improved pharmaceutical deHv^ devices can be made from dUcone 
elastomeric materials when certain suriiace. active materials are used in their manufectora. These improved 
devices have the dbiiity to accept an increased loading of polar or hydroph^ pharmaceutlcally acth/e 
materials. 

so This Invention accordingly provides a pharmaceuifcal ddivery device comprising (A) a biofogically 
acceptable silicone polymer matrix and (C) a dmg component characteriswJ in fliat the device also 
comprises (B) an oiganopoiystotane-poiyoKyailcylene copolymer, which is eifoctive as a dispersing %ent in 
the produdfon of a water-in-<^ emulsion In which the continuous phase comprises a sificone component 
and In that the drug component (C) is a polar or hycfropWOc Squid comprising a phanmaceutlcally-active 
material, said liquid being dispersed throughout the matrix (A) In small compartments having on average a 
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diameter below 20 microns. 

The blologlcally acceptable silicone polymer matrix (A), for use In the phanmaceutlcal delivery device of 
the Invention, comprises a crossUnked silicone elastomeric material. Such silicon elastomeric materials may 
be produced from organosilicone compo^ons by crosslinidng silicone polymers with, or without the 
s presence of crossfinWng agents. Such crosslinidng may be performed at elevated or at ambient tempera- 
tures. Preftwred polymer malrix (A) materials are those obtained by curing the so-called room temperature 
vulcanising (RTV) organosilicone compositions. Such compositions do mrt require the applteatlon of high 
temperatures to effiect cure; Their use thus reduces the risks of an adverse effect on the pharmaceutically 
active materials during the curing step. Bcamples of crossOnkable organosinoone compositions Include 

10 organopolyslloxanes having ^Ocon-bonded hydroxyl groups which may be crossllnked to elastomers by the 
addition of a crossBnWng agent and a condensation catalyst In such compositkwis the organopolysltoKane is 
generally a polydk5rganosllo)(ane. having temilnal silanol groups. The crosslInWng agent may be for exmplo 
an alkoxy sllane or an alkyi polysiilcate e.g. methyhrimethoxysllane or ethyl polysllk:ate. or It may be an 
alkylhydrogen polysihsxane ag. a polymethylhydrc^nslloxane. A variety of catalysts may be employed, the 

j6 organic metal compounds e.g. stannous octoate, dibutyltin dilaurate. alkyl titanates and titanium chelates 
being illustrative of these. Such elastomer^formlng compositions are well known In the art and have been 
described in for example British Patents Nos. 841 825. 844 128, 957 255 and 982 081. A more preferred 
elastomer-fbnmlng crossllnkable composition for producing polymer matrix comprises an or-' 
ganopolysik>xane having per molecule at least two sificon-bonded groups having oleflnic unsaturation, an 

20 organoslficon compound having at least two sificon-bonded hydrogen atoms and a catalyst, e.g, a ptelinum 
comjpound or complex whteh promotes the reaction between oleflnic groups and silicon-bonded hydrogen 
atoms. Such compositions are particulariy prefenred because no t)y-producBs are produced during the 
crosslinking reaction. In addition little or no shrinkage occurs during crossllnking. This perniHs a more 
accurate manufecture of the devices with respect to their shape and size. Compositions of the prefenred 

26 type are also well known In the art (see for example British Patent Specifications Nos. 1 090 122, 1 141 BSQ 
and 1 409 223) and commercially available. Typically such compositions comprise (a) a polydlorganoslkix- 
ane. which may vary from a freely flowing to a highly viscous nquM whteh comprises units of the general 
fomnula 



^ wherein Q denotes a monovalent hydrocarbon or substituted hydrocarbon group having no more than 8 
carbon atoms, denotes an organte group havli^ olefinlc unsaturation, e.g. vinyl, ailyf or hexenyl, vinyl 
being generally prefen^, at least ^% of the remalnfaig sIHcon-bonded substftuents Mttg methyl, a has 
avalue of 1 or 2 and b has a value of 0. 1, 2 or 3, (b) an organohydrogensiloxarte having at least 2 silicon- 
bonded hydrogen atoms per molecuto and wherein the remaining silteon-bonded subsfituents are mon- 

^ ovalent hydrocarbon groups having no more than 8 carbon atoms, preferably being nwthyl groups, and (c) 
a Pi containing compound or complex, for example chtoroplatinte add, platinum acetylacetonate. complexes 
of platinous haUdes wHh unsaturated compounds such as ethylene, propylene, organovlnylsifawies and 
styrene, hexamethyWiplatlnum and Pt(CN)a. 

The organopolysiloxane-polyoxyalkylene copolymer <B) Is a copolymer which is capable of functioning 

^ as a dispersing agent to fadmate the productkm of water-in-oM emulsions whteh have a ^ilcone material in 
the continuous oil-phase. Bcamples of such copolymers are described for eocample in EP Specification 125 
779 whteh provides an organopolysiioxane-polyoxyalkylene copolymer having the fbnnula 

2(MeKSIO[(IWe)^IOU{Me)(R)SIOW(MeMAR0SiOI^(^ 
wherein Me denotes a CH, radical. A denotes a polyoxyalkylene radteal havir^ the fomnula -{OCH^Op • 
{OCHCHjCHJqOW. R denotes an alkyl radical having from 6 to 16 carbon atoms. R* denotes an alkylene 
racflcal OnMng A to the silicon atom. denotes a hydrogen atom or an alkyl radical havii^ firom 1 to 4 
Indush/e cartxin atoms. 2 denotes a^nonovalent hydrocabon raJical having from 1 to 16 caton atoms or a 
AR* radical there being an average of at least one AR radteal and at least one R radical per molecule and 
the average values of x, jr. 2, g and 3 being such that p>q. p+q has a value suffldent to provide a radical 
weight for A of from 600 to 3500, x<3y. x-J^y+z has a value offrom30to400andthetotal weight of A 
radicals In the organopolysUoxan&i)olyoxyalkenylene copolymer does not exceed a value of about 1/3 of 
the total weic^ of the ovganopdyslbxane. Other suitable copolymers (B) are descrftjed In Q.a Patent 
Spedffcatlon 2 085 687 whteh provides an organopolysikaxane-polyoxyaikylene copolymer containing at 
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least one polydtorganosiloxane segment comprising siloxane units of the formula 

2 

wherein ^ has a value of from 0 to 3 Inclush/e, there b^g an average of aq3pfO)dmately 2 R radicals per 
slUcon a*5m fri the copolymer and R represerrts a methyl, elhyl, vinyl, phenyl or a (Bvalent radical bonding a 
pofyoxyalkylene segment to the pdydlonganositoxane segment, at least 95% of all R radicals being methyl 
and at least one polyoxyalkytene segment having an average molecular weight of at least 1000 and 
constsfing of from 0 to 50 mol percent polyoxyprt^ylene units and from 50 to 100 mol percent 
polyoxyethylene unfls, at least one tenmlnal portion of the polyoxyaBcylene segment not bonded to the 
polydlorganoslloxane segment being satisfied by a terminating radical, the weight ratio of polydiorganosflax- 
ane segments to polyoxyalkylene segments in the copolymer having a value of from 2/1 to 8/1. The 
copolymers descnbed in Q.B. 2 065 687 are especially us^l as tiiey assist the formation of a stable water- 
In-oil emulsion without the need to heat or excessh^ly shear the mMure of oil phase, water phase and 
emulsIflW. 

The drug component (C) Is a polar or hydrophillc liquid comprising a pharmaceutically-activ© matorlal. 
By the expression "polar or hydrophlBc llqulld'* Is meant a siAstance that is Oquid at 25''C under normal 
atmospheric pressure (760 mmlH^) and which has a tendency to form or to migrate to the discontinuous 
phase off an emulsion wher^n the confinuous phase comprises mainly a polydlorganoslloxane compound 
and the emulsifying agent comprises an organopolysiloxane^polyoxyalkylene copolynier (B) as described 
above. The drug compound (C) may thus be a liquid polar or hydrophillc pharmaceutically acth/e material 
ggr se. or a pharmaceutTcally active material which is dispersed or dissolved In a polar or hydrophillc 
sohrent system. A polar or hydrophillc J>hannaceutlcally acth^e material for use in the delivery device of the 
Invention may be any such material wMch Is beneficially administered at a constant low dosage. They are 
usually water-soluble materials. Such pharmaceutically active materials include for example phenylephrine 
HCI, hydrocortisone, Indomethadn, nisedipine, nesdrclnol. tetracydin and pharmaceutically acceptable salts 
of many active materials. Including free base types such as progesterone, propanoloi and nicotine. If the 
pharmaceutically active material is itseH liquid at ZS'^C under atmospheric pressure, it may be used alone 
as the dmg component (C), It may also be mixed with a polar or hydrophillc soh/ent system; Such solvent 
system allows the use of pharmaceutically active materials which are not tlqtsd at 25*'0 and nonnal 
atmospheric pressure. The solvent system m€v be a single solvent or it may consist of a mixture of several 
soh/ents. A pertlcuterly useful soh^ent system Is water, glycol. amWe, ethylene oxide adduct of alkyi phenols 
or a mixture of two or more of these. Other pharmaceutically accepteWe water-mlsdble sohfenis may, 
however, be employed, Co-solvents such as for example polyetfiylene glycol, can be emptoyed to Improve 
tfie solubility of polar or hydrophillc phannaceutically active materials In the sohrent system. A particularty 
useful hydrophillc solvent system comprises polyethylene glycol, having a molecular weight of from about 
200 to about 200a By varying the polarity or hycfrophtHcity of the sohrent system it may be adapted to ^ve 
a greater affinity fox phanmaceutically active matertalls wrth a varying degree of polarity and hydrophilicfty. 
TWs will affect tfie rate and extent of release of the pharmaceutically active material from the delivery 
device. The presence off a polar or hydrophlfic solvent In tiie drug component te believed to improve tfw 
delivery of pharmaceutically active materials from ttie device when in use. 

Since polar or hydrophlc pharmaceutically active materials have a greater srffinity for hydrephilic 
solvente tiian for non-polar solvents, tiiay will titerefbre preferably be located In tiie smaD compartmente of 
(C) In the matrix (A). A smaller amount may, however, be found dispersed in the matrix (A) Itself. 

The phannaceuticai delivery device of tfie Invention may also comprise other optional components. 
Such componente may be added to alter tfie physical propariies of tiie silicone matrix, to tecilltate 
manufacture or to Improve ttie usefulness of the delh/ery device. 

The physical properties off the matrix are believed to Influence the manner in which pharmaceutically 
active materials are released from tiie devSce of tiie invention. For example, it is beHeved that tiie more 
tightiy crossfinked the silicone mafrix the lower will be tiie rate of delivery of the pharmaceutically active 
material. Also, devices having a matrix of relatively high tensile strengtti are more suitable for use for 
Implantation In the body, whilst physically weaker devk:e8 are more IBwIy to be used for transdenrnal 
delWery. Componerrts which may be employed to influence the physical properties off tfie pharmaceutical 
delh^ery device include for example unreactive silicone polymers e.g. tfiose having tiie general formula RjSi- 
[OSlRJoR, wherein R denotes an aRcyl or aryl group having up to about 18 cart)on atoms each, and n Is an 
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integer, and cyclic polysiloxanes of the general fonnula [RsSIOLn wherein R and n are as defined above. 
Silicone polymers having a 'low viscosliy, e.g. below 200 mnn^/s are especially "useful for reducing the 
hardness of the nnatrbc According to another technique volatile additives such as the low molecular weight 
silicone polymers descnbed above may be incorporated into the silicone eiastomer*fbnning composition 
6 during fabrication of the matrbc The additive may thereafter be removed by volatilisation to provide a matrix 
having Increased permeability with respect to the phanmaceutically-acthre material. 

As the silicone matrix Is itself hydrophobic in nature it is possible, and at times even advantageous* to 
include non-polar or hydrophobic pharmaceuticaily ecth/e materials in the device as this allows the 
simultaneous delivery of dffierent types of pharmaceutically-active materials. The hydrophobic or non-polar 
70 materials may be incorporsted in the silicone matrix according to methods Imown in the art Examples of 
such hydrophobic or polar pharmaceuticaily active materials include for example nicotine, 
chlorophenytamine, propanolol and progesterone. The incorporation or such materials may be facilitated 
with the aid of a canier e.g. a sliicone polymer of low viscosity. 

The phanmaceutical dalh^ery device of the Invention has dispersed throughout the silicone matrix (A) 
16 compartments of the drug component (C) having on average a diametEr of less than 20 microns. These 
small compartments contain the polar or hydrophilic liquid which comprises a p^wmaceutlcally active 
material. The preferred delivery device of the invention has compartments with an average diameter of less 
than 10 microns. Most preferably the diameter Is less than 5 microns. The smaller the diameter of the 
compartments, the greater the possible content of the phamnaceutically acthfe materials in the device. The 
50 optimum amount of phannaceuttoaiiy°act^e material to be incorporated In the delivery device will depend 
for example on the desired useful liito of the device and rate of delivery of the acthre substance, ft has been 
found that at least 10% by weight of active substance, based on the total weight of the device, can be 
Incorporated without cfiminishing the perfbrmace of the delivery device. 

The pharmaceutical delivery device of the Invention may be produced by forming in the presence of the 
25 organopolyslloxane-poiyoxyalkytene copolymer (B), a dispersion of the drug component (C), in the silicone 
elastomer-forming composition which is the precursor for matrix (A), and thereafter curing the elastomer- 
forming composition. 

Such a process is believed to be novel and the invention accordingly provides in another of its aspects 
a process for making a pharmaceutical delivery device comprising stage (0 dispersing a drug component 

so which is a polar or hydrophilic liquid comprising a pharrn^eutlcally active material In an elastomer-forming 
^ organostlicone composition, and stage (II) thereafter curing said elastomer-fonming composition charac- 
terised in that stage (0 Is oarried out In the preserice of an organopolysiloxane-poiyoxyalkylene copolymer, 
which is effectNe as a dispersing agent in the production of an emulsion comprising water cflsperWd in a 
silicone or silicone-containing continuous phase. 

36 In a preferred process there Is first prepared an emulsion of the polar or hydrophilic liquid comprising a 
pharmaoeuticany acthfe material in an oil using the organopdysiloxane-polyoocyaficyiene copolymer as 
emulsllier. The continuous (oiD phase of the emulsion preferably comprises a silicone oil. This silicone on 
rmy be for example a low viscosity silicone organosiCoxane polymer or a component or portion of the 
organosliicona elastomer-fonming composition. The dispersion of the drug component throughout the matrix 

40 is improved by this process connpafBd to a process where all components are mbced together In a single 
operation during stage (I). 

The preffonred process of the Invention Is further characterised In that tha stage (I) comprises the slops 
of (1) maldng an emulsion by mbdng together an organopolysiloxafw-polyoxyalkylene copolymer, a polar or 
hydrophfCc llqu^ comprising a pharmaceuticaily active material and an oTganoslloxane polymer. (2) mbdng 

48 the emul^on with an organosOioone composition which is elastomer-fbrming ger se or upon tha incor* 
poration of the organoslloxane polymer employed in (1). 

In step (1) of the preferred method of tha Invvdntion standard emulsKication tedmlques may ba used* 
Using the organopoiysiloxane-polyoxyalkylena copdymers (B) an emul^ can be obtained which Is stable 
pending Incorporation in tha matrix and which. If desired, has an average particle size below 20 microns. 

60 The mbdng ol the components of the emulston may be caniecl out in standard emulsiUcation equipment 
The amount of organopolysiloxanG-polyaxyalEcyiene copolymer (B) which Is employed in step (1) may 
conveniently be up to 5% by weight of the total weight of the emulsion. Preferably from 0.05 up to 1% by 
weight Is used. The amount of the polar or hydrophilic liquid which may be used in step (1) of the process 
of the Invention may vary according to the amount of the pharmaceutically-actlve material desired in the 

58 delivery device and, when a solvent is present, Is according to the solubiffty or dispersibility of the 
pharmaceuttcally-act^e material in the ^Ivent Usually polar or hydrophilic liquid will mal^ up from 5 to 
50% of the total weight of the emulston, although smaller and larger amounts are also possible. 

The organoslloxane . polymer employed in step (1) of the prefenred method of the invention is 



5 



0 281 »3 



conveniently a polydiorganosifoxane. Such poiydiorganosiloKanes include linear triorganostloxy end-blocked 
polydiorganositoxanes such as e.g. trimethylsiloxy end-blocked polydlmethytsiloxanes. They also include 
cyclic dIorganopolysilQxanee of the general formula [f^iO]„, wherein R represents a hydrocarbon radical 
having 1 to 16 carbon atoms. Most conveniently the organosiloxane polymer comprises cyclic dior- 

5 ganopolysiloxanes e.g. octamethylcydotetra^toxane polydlorganositoxanes having a viscosity of from 
about 0.65 mm^s to about 1 X 10*2 nn% aft aS'^C. The presence of these materials ap^ ^ i 

formation of the desired emulsion. The tow viscosity silicone material may be incorporated separately or * 
together with other components of the emuSsionr for example as a mixture wHh the organopofysiloxane^ ^ 
polyoxyalkylene copolymer (B). The amount of low viscosity sllteone polymers which may be Included In 

10 this step may constitute up to 95% by weight of the total weight of the water-in-oil emulsion, especially 
when the only organopolyslloxane polymer used are the low viscosity siBcone polymers. Any hydrophobic 
pharmaceutically acth^ materials wh^ it may be desired to incorporate may be pre-dispersed or dissolved 
In the silicone material, for example In the low viscosity silicone polymer, prtor to mbdng this with the other 
components of the composition which is to be emulsified. If desired the organosiloxane polymer used in 

76 step (1) of the preferred process may comprise one or more of the sIBcone components of the elastomer- 
forming materiaL The emul^on may then be mixed In step (2) of the prefenred process of the Invention with 
the remainder of the elastomer-fonnning composition to enable curing to take place. For example In the case 
of the prefened (platinum curable) elastomer-forming compositions the organositoxane polymer of step (1) 
may comprise a pcrtton of the base polymer, that is the organopolyslloxane having per molecule at least 

20 two sOicone'tendedolefinlcally unsaturated groupe. 

In step (2) of the prefenred process for maldng delivery devices of this invention the mulston and the 
components of the elastomer-fbnming composition may be mb(ed In any onjer. During the mbdng step 
sufficient shear may be applied to cause the diameter of the small compartments which form the 
discontinuous phase of the emulsion to be further reduced. The weight ratio of emulsion, as prepared in 

25 step (1) to elastomer-lbrming material may vary depending on the proportion of pharmaceutically active 
material desired in the delivery device and on the required rate of delivery of the active material. Up to 
about** 40% by weight of the emulsion based on the total weight of the device can to incorported 
successfully without reducing the efRdency of the pharmaceutical delivery device. Hydrophobic 
phannaceutically-active materials may also be introduced with the elastomer-forming composition intro- 

30 duced in step (2) of the preferred method of the Invention. 

During stage (II) of the process of the invention the elastomer-forming compo^on is then cured by any 
appropriate means. Depending on the type of elastomer-fomnlng material employed curing may be effected 
at low or at nomnai ambient temperatures or by O(posure to elevated temperatures and/or hl^ energy 
radiation. 

35 It Is believed that the method of the invention provkies an improvement over the methods of the prtor 
A method for making blok^k:ally acceptable silicone polymer matrix adapted for placement in a tube 
and handng 10 • 200 micron mccrosealed compartments, contdning a pharmaceutical In a hydrophillc 
solvent system distrfeutad throughout, as disclosed in U.S. Patent Specificafion 3 992 51d comprises (a) 
emulsifying the hydrophillc solvent system of water and liquid polyethylene glycol containing the phar* 

40 maceufical sattarated therein, and stannous octoate crosslinking agent, and biologically acceptable room 
temperature vulcanisir^ &)uld poiycfimethyl^loxane sHFcone polymer, aid (b) ^ ^ crosslinldng the 
blolo^caQy acceptable lk)t^ siOcone polymer to fbnm the bfologically acceptable silicone polymer noatrix 
wHh microseaied compartments throughout containing phsvntaceutleal and hydrophillc solvent system. 
Another method is described In EP 137 278 whero there is provided a m^hod for the producifon of a 

46 means for the transdermal appUcatfon of phanmaceutteafly acthre materials, wherein at least 50% of the 
pharmaceutically active materlai Is dissolved In a noji-voSalile physiok^ically harmless gel, whSch is 
suspended in the components required to make a crossllnked silicone elastomer, and In that the suspension * 
is then crossHniced. 

Tha emulsfftoation process descr&ed in U.S. 3 892 518 is obtained by dispersing a saturated solution 
50 of phannaceutical in water and hydrophillc solvent throughout liquid dllcone polymer by means of high 
speed stining before crossOnWng the pdymer. However, this does not pwirttctose control of tiie size or tiie 
distribution of the microseaied compartments in the polymer matrbc Whilst tiie polymer matrix is being 
shaped and crossfin&ced the compartonents fornied during tiie high speed stining will tend to coalesce and 
hence form larger compartments. Such coalescence will reduce tiie load capacity of the matrix and affect 
55 deleteriously its drug release characteristics. The metiiod described in EP Specification 137 278 requires a 
very high shear to break up the gel particles In tiie silicone mabrbc TMs also makes it more difffoult to 
control accurately the size of tiie dtepersed gel particles and hence it affects tiie release properties of tiie 
pharmaceutically active materials from the delivery devk:e. 
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The method of the present invention produces a defivery device In which the diameter of small 
compartments can be accurately controlled. It has been found possible to achieve a compartment diameter 
of less than 20 microns for a large proportion of the compartments present Due to the stability of the 
fonned dispersion the tendency to coalesce is also greatly reduced. Using the prefen'ed method of the . 

5 invention wherein an enuilsion is fomned and using a low viscosity silicone material as the organosiloxane 
polymer compartments having on average a further reduced diameter may be obtained during the mixing 
step (2). In some cases on average a diameter of less than 5 microns can be ccmdstentty achieved. 
Moreover the use of a preferred hydrophflte solvent system which comprises polyethylene glycol In the 
polar or hydrophllic nquid mates ft possible to achieve consistently on average a compartment diameter 

70 below 5 microns. 

There now foltew examples In which parts are expressed by weight, unless othenvlse stated, which 
illustrate the invention. In these examples Me denotes a methyl group and VI a vinyl group. 



19 Bcample l 

illustrative Process 
a) Making the Emulsion 

A first solution was made by stining together for 15 minutes 23.6g of an organosiloxane polymer 
consisting of low viscosity volafile siliodne materials (about 80% octamethylcyciotetrasiloxane and 20% 
decamethylcycbpentasiloxane) and 0.4g off an organopolysiloxane-polyoxyalkylene copolymer. The 
copolymer was prepared from a trimethylsiloxane-endblocked poiydlmethylsiloxane having a molecular 

25 weight of approximately 30.000. and having an average of approximately 4 of its dimethylsiloxane units 
replaced with methylhydrogenslloxane units, and a random equimdar polyglycol copolymer of ethylene 
oxide and propylene oxide havfaog an average molecular weight of approximately 2550. and having ailyloxy 
endgroups on one end and acetoxy endgroups on the other end. PrepartJon of the copolynner was carried 
out by mixing 220g of the siioxane. 80.7^ of the polyglycol, 75.19g of Isopropanol and 0.15ml of a 1 molar 

30 solution of chloroplatinic add in Isopropanol as caialyst The reaction mixture was heated under nitrogen at 
reflux for one hour and then devolatiiized at 110"C and 1^ kPa pressure to yield a polydimethylsiloxane- 
polyoxyaikylene copohrmer having a siloxane^alkyiene weight ratio of approxinrialeiy 2.7 and -C 
H,CH,CH,0-dlvalent radicals bonding the polyoxyalEcylene portion to the polydlmethylsitoxene portion by 
way of a sllteone-carbon bond. 

55 A second solution of 22g of polyethylene glycol (PEG) In 20g of dlstflled water was made tfuis forming 
a liquid hydrophilic mecfium whteh was dropwise added to the ISrst solution under stining. A stable water-In- 
dl emulsion was obtained. 



40 b) Making the Delivery Oevtee 

To 200 g of an o^anopolysiloxane composition having a viscosity of about 1.5 x lO' mm^s and 
comprising 100 parts of polydiorganosiloxane having vinyl groups bonded to silicon atoms. 35 parts of a 
silica fiiQer and a Pt cont^ning catalyst, the waterHn-oil emulsion was added dropwise under stirring on a 

45 high shear mixer resulting in a first dlspersk^n. Then 20g of a mixture of about 80 parts of a vinyl containing 
polydkMrganosiloxane and 10 parts of a methylhydrogenslloxane material, which together with the or- 
ganopdysihsxane compositfon forms an daslomer*fonn!ng composition, was sMned Into the first dispersion. 
The second dispersion thus formed was then subjected to reduced pressure to degas during 10 minutes, 
cast in moulds and allowed to cure for 40 minutes at 80»C in order to altow the eiastomer-torming 

60 composilion to fbnm a matrix resultbig fen a base delivery device without any pharmaceutically-acthfe 
materfeL 



illustrative Delivery Devices 

Devices prepared employing the above described method were found to have at the emulsion stage 
compartments with an average diameter of 105 microns when the polyethylene glycol was omitted. When 
the pohrethylene glycol used had an average molecular wdght of 400 the average diameter dropped to 5 
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microns with 1C»% of the compartments having a dbmeter of 17.7 microns or bekw. When the 
^^S^JZ used had a mdecular weight of 600 the diameter was 3^ mk^ on «f J» 
SnJSnenls^lng a diameter of 13.6 microns or below. After mbdng the latter 
rSmer-forming composWon the diameter was further reduced to an average of 3 
S titecompartmente havfcigttie diameter of 10.5 microns or below. THese sizes were retamed when the 
device was cured. 

Examples 2 to 10 

using the process described in Bcainple 1 nine water^nK)^^ 
pham^caSy^active substance- The substances employed were progesleror« (^^^'^^^^^ 
K^dlLrnethadn prug C). Each substance was incorporated by addition to the second sohihon 
described to Example 1 In quantities of 23.43g, 14^ or 7.29g. 



.T5 



20 



25 



30 



Emulsion 


PEG 400 


Water 


Drue (Tyoe/Ouantity) 


Al 


22 


20 


A/ 23. 43 


Al 


22 


20 


A/ 14. 26 


A3 


22 


20 


A/ 7.29 


Bl 


22 


20 


B/23.43 


B2 


22 


20 


B/14.26 


B3 


22 


20 


B/ 7.29 


CI 


22 


20 


C/23.43 


C2 


22 


20 


C/14.26 


C3 


22 


20 


C/ 7.29 



wherein PEG 400 stends Ibr polyethylene glycol having a molecular weight of 400 and wherein the quantity 

^ "?,sr:sJirrdiJSA' 1^. ^ 1-3 and a 1^) ^^^^^zs:^ 2 

3* mixing sufficient of the respecUve water-in-oB emulsions with the elastomer-fonning «««P^ « 
Si^Bcample l to «Sn a 5% by weight loading of the dnjgs in the delhrery devtoe. that fe 
SS«ly iH! OKI 4W of the emuWon. based on tl« tWai welgW 

"^SZS^X^^^ deuces (A. B- and CT, were prs^by Drug 8 a«d C 
* respectlvWe£Hw«h the elastomer4onrtng composition as described In 

give 5% by weight of the drag In the device. i„t« «iinm 

^ The rLwId and cured pharmaceutical delivery devices thus prepaied ^JJl^OO^ 
• diameter discs and were placed In the stelntess Steel basket assembly n a Vandertempj^ 

SSoXtem (Van iSl Industries. Edison. New Jersey. U.S A). Dissolution was ^^^^JJ^^^S 
« of 40% polyethylene glycol 400 at 37»C at 425 rpm over a period of 24 hours. Drug retease eharacteiisllcs 
of the devices were measued using U.V.8pedrophotometiy. ^ 4h« h««n«on «a8 2 id 5 

It was found that m aB cases the dnig retease rate d the devices acc^ 
times higher than for the comparative devices, the rate Increaslno with Increased loading of wateH^on 
emulsion in the devices. 



Examples 11 to 19 

Similar emuteions were prepared as in Examples 2 to 10. except that the water In the Hcpd Pf^se^m 
replaced with nonoxynoW (an ethoxylated nonyl phenol). Pharmaceutical delivery devices made with these 
emulsions showed simllariy improved properties as those of Examptes 11 to 19. 
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Claims 

1. A pharmaceuticai delivery device comprising (A) a biologlcaliy acceptable silicone polymer matrix 
and (C) a drug component characterised In that the device also comprises (B) an organopolysiloxane- 
pofyalkylene copolymer, which Is effective as a dispersing agent in the production of a water-ln-oil emulsion 
in which the continuous phase comprises a silicone component and in that the drug component (C) is a 
polar or hydropMIHc liquid compridng a phamnaceuticaily-ective material, said liquid being dispersed 
throughout the matrbc (A) in small compartmenis having on average a cfiameier below 20 microns. 

^ A phannaceuticdl delh^ery device »xon£ng to CIdm 1 further characterised In that the small 
compartments of (C) have on average a diameter below 10 microns. 

3. A phanmaceutical delivery device according to CIdm 2 further characterised m that the small 
compartments of (C) have on average a diameter below 5 microns. 

4. A pharmaceutical deUvery device according to any one of Claims 1 to d further characteriesed in that 
the organopolyslloxane-polyoxyalltylene copolymer (B) has the average formula Z<Me)»SiO[(Me)^iOM(l^e)- 
(R)SiO]y[(Me)(AR')SIOlB$KI^E)aZ wherein Me denotes a CH,R racfical. A denotes a. polyoxyalltylene radical 
having the fonnula -(OCH,CH,)p(OCHCH,CH,)qOR'. R denotes an altcyl radical having firom 6 to 16 carbon 
atoms. R* denotes an aikylene radical linking A to the silicon atom, R" denotes a hydrogen atom or an alicyl 
radical having from 1 to 4 Inclush/e cariwn atoms. Z denotes a monovalent hydrocarbon radical having from- 
1 to 16 cartwn atoms or a AR* racScal. there being an average of at least one AR' radical and at least one R 
radical per moleculer and the average values of )^ . £ andg being such that p+q has a value 
sufficient to provide a radical weifi^ fbr A offrom eSo to 3500, x<3y, x-^y-s-z has a value of from 30 to 400 
and. the totel weight of A radicals In the organopolysiloxane-polyoxyallcyiene copolymer does not exceed a 
value of about iy3 of the total weight of the organopolysiloxane. 

5. A pharmaceutical deih/ery device according to any one of Claims 1 to 3 further characterised in that 
the organopotysiloxane-polyoxyalkytene copolymer (B) contains at least one polydiorganosiioxane s^ment 
comprising siloxane unite of the tonmula 



wherein b has a value of from 0 to 3 Inclusive, there being an average of approximately 2 R radicals per 
silicon atom In the copolymer and R represents a methyi, ethyl, vinyl, phenyl or a divalent radical IxwKlir^ a 
polyoxyaikyiene segment to the polydiorganosiioxane segment at least 95% of all R radicals being methyl 
and at least one polycocyaltcyiene segment having an average molecular we^ of at least 1000 and 
consisting of from 0 to 50 mol percent polyoxypropylene unite and from 50 to 100 mol percent 
polyoxyaHcylene unite, at least one terminal portion off the poiyoxyaikytene segment not bonded to the 
polycBorganosiloxane segment being satisfied by a tenninating radical, the wel^ ratio of polydiorganosiiox- 
ane segment to polyoxyalkylene segmente in the copolymer having a value of from 2n to 8/1 . 

6. A pharmaceutical delivery device according to any one of the preceding dalms further characterised 
in that the biologicaOy acceptable silicone polymer matrix (A) resulte from the curing of a room temperature 
vulcanising organosillcone composition. 

7. A phannaceuticai deih^ry device according to any one of the preceding claims further characterised 
in that the biologlically acceptabSa silicone polymer matrix (A) resulte from the curing of an etestomer* 
forming composition which comprises an organopolysiloxane having per molecule at least 2 sificonHKinded 
groups having oteffinic unsatiBration, an organosilicon compound having at least 2 silicon-bonded hydrogen 
atoms and a catalyst which promotes the reaction between olefinic gnMips and siiicon^iydrogen groups. 

& A pharmaceutical delivery device accordlr^ to any one of the preceding dsams further characterised 
in that the drug component (C) is a Bquid polar or hydrof^ilic pharm&ceutically active material ^ se. 

9. A pharmaceutical delivery device according to any one of Cfalma 1 to 7 further charact^ised In that 
the dmg component (Q) to a pharmaceutically apth« material dispersed or dissolved in one or more polar or 
hydraphllic solvente. 

10. A phannaceutlcal delhrery device according to Claim 9 further characterised in that the polar or 
hydrophillc sohrent comprises polyethylene glycol having a molecular weight of from 200 to 2000. 

11. A pharmaceuticai delivery device according to any one of the preceding claims further charac- 
terised in that the device also comprises silicone polymers having a visco^ below 200 mrvMs. 
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12. A pharmaceutical delivery device according to any one of the preceding claims further charac- 
terised in thai flie device also comprises a non-polar or hydrophobic phanmaceutlcally active material. 

13. A process for making a pharmaceutical defivery device comprising stage (I) dispersing a drug 
component which Is a polar or hydrophfllc liquid comprising a phamiaceutically active material in an 

5 elas|omer4bmring organoslBcone composition, and stage flO thereafter curing said elastomer-forming 
composition characterised In that stage (0 is carried out In the presence of an organopolysiloxane- 
polyoxyaflcylene copolymer, which is effective as a dspersing agent in the production of an emulsion 
comprteing vwtter dispersed in a silicone or sMcone-contalnIng continuous phase. 

14. A process according to Claim 13 furttier characterised in that stage Q) comprises the steps of (1) 
70 preparing an emulsion l>y ntfxlng together «ie organopolysjioxaneijolyoxyallcytene copolymer, the polar or 

hydrophlHc liquid medium comprising a pharmaceutlcally active material and an organosiloxane polymer, 
and <2) mbdng the emulsion with an organosincone composWon which Is elastomer-forming Egr S ^ 
the incorporaSon of the organosSoxane polynner emptoyed in step (1). ^ . - 
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